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A B S T R A C T
Dyke–Davidoff–Masson syndrome (DDMS) is a rare epilepsy syndrome that is characterized by cerebral
hemiatrophy, homolateral skull hyperplasia, hyperpneumatization of the paranasal sinuses, seizures
with or without mental retardation, and contralateral hemiparesis. We describe a case of DDMS in a 40-
year-old female who had complex partial seizures with occasional secondary generalization since the
age of 4 years. Her seizure frequency was 10–20 seizures/month even though she took four antiepileptic
drugs. We applied magnetic resonance imaging (MRI), positron emission tomography (PET), functional
MRI, and invasive electroencephalography (EEG) to deﬁne her epileptogenic and functional zones. Brain
MRI showed prominent atrophy in the left frontal dorsal and lateral regions and mild atrophy of the left
superior temporal gyrus and left parietal gyri. Interictal PET revealed decreased glucose metabolism in
the atrophic regions. Functional MRI demonstrated that the inferior frontal and inferior parieto-occipital
regions of the right hemisphere were activated by language testing. Invasive EEG revealed that the left
lateral temporal lobe was the sole source of her seizures. Our results imply that the ‘‘metabolic border
zone’’ rather than the atrophic region plays an important role in seizure activity, and that reorganization
of functional zones occur after cerebral damage early in life.
 2011 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Dyke–Davidoff–Masson syndrome (DDMS) is a rare epilepsy
syndrome that is characterized by a cluster of imaging features
(cerebral hemiatrophy, homolateral skull hyperplasia, and hyperp-
neumatization of the paranasal sinus) and clinical features
(seizures with or without mental retardation and contralateral
hemiparesis).1,2 It is a possible candidate disease for studying
reorganization of the brain following cerebral damage during
infancy. We describe a case of DDMS with atrophic and
hypometabolic gyri, and epileptogenic and functional zones
deﬁned by temporo-spatial analysis. Epilepsy surgery was
performed in our case after accurate identiﬁcation of the
epileptogenic, ictal onset, symptomatogenic, and functional deﬁcit
zones.3* Corresponding author at: Department of Neurosurgery, Buddhist Tzu Chi
General Hospital, 707, Sec. 3, Chung Yang Road, Hualien, Taiwan.
Tel.: +886 3 8561825.
E-mail addresses: nsha@tzuchi.com.tw, tomorha@yahoo.com.tw (T. Harnod).
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doi:10.1016/j.seizure.2011.06.0192. Case report and temporo-spatial analyses
A 40-year-old female, who was a native speaker of Mandarin
Chinese, had neither an abnormality at birth nor delay in growth or
language development in her early life. She was right-handed
before she began having repetitive seizures at age 4 years. After
seizure onset, she depended on her left hand for all daily activities
except writing. When the epilepsy became pharmacoresistant in
early adulthood, she wrote with her left hand and she had complex
partial seizures with occasional secondary generalization at a
frequency of 10–20 seizures/month even though she was taking
four antiepileptic drugs (Lamotrigine, Topiramate, Clonazepam,
and Levetiracetam). On physical examination, she had mild facial
asymmetry, brisk reﬂexes in the right arm and leg, and clumsiness
on rapidly alternating movements of the right hand. However, her
right extremities were not smaller than her left extremities.
The ﬁrst brain magnetic resonance imaging (MRI) scan was
performed at age 36 years. Four years later, a second MRI with a
fast spin gradient (FSPGR)-MRI scan (with 200 contiguous 1-mm
thick sections) was carried out to display details of hemispheric
convexities. Brain MRI showed prominent atrophy of the leftvier Ltd. All rights reserved.
Fig. 1. MRI images show prominent atrophy in the left frontal dorsal and lateral regions, and a dilated left insular sulcus (upper). A three-dimensional reconstruction (lower)
shows fMRI BOLD activation during verbal ﬂuency and verb generation tasks in the inferior frontal cortex and inferior parieto-occipital regions of the right hemisphere.
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temporal gyrus and left parietal gyri, a dilated left insular sulcus, an
enlarged left frontal sinus, and left skull hyperplasia (Fig. 1).
FSPGR-MRI identiﬁed various degrees of cortical atrophy, mostly of
the left frontal gyri. However, these abnormalities were similar to
those on the previous MRI. Interictal positron emission tomogra-
phy (PET) revealed a decrease in glucose metabolism in the
atrophic regions and normal glucose metabolism in the left mesial
temporal lobe (Fig. 2).
To deﬁne the functional reorganization of the language system
following damage to her left hemispheric network, we assessed
verbal ﬂuency performance and verb generation using functional
MRI (fMRI) conducted on a 1.5-T Siemens Symphony scanner
during a 6-min verbal ﬂuency task and a 6-min verb generation
task. The semantic ﬂuency task resulted in an increase of blood
oxygen level dependent (BOLD) signal in the right inferior frontal
cortex and inferior parieto-occipital regions of the right hemi-sphere on a three-dimensional reconstructed image. During the
verb generation task, the activated network was similar to that
activated during the semantic ﬂuency task but was predominantly
in the right frontal region (Fig. 1). Besides the fMRI language tasks,
hemispheric dominance was tested using the Edinburgh handed-
ness questionnaire. The results showed she was 100% left-handed.
Her major seizures usually began with an epigastric rising
sensation, unilateral dystonic posturing of the right hand, and
subsequent alteration of consciousness. This sequence indicated
that the main epileptogenic zone was in the left temporal lobe. The
ictal electroencephalography (EEG) showed that small spiky alpha
activity spread from the left posterior temporal region at seizure
onset to the contralateral hemisphere. Interictally, many spikes
arose from the left temporal, parietal, and occipital regions but the
majority arose from the left posterior temporal zone.
Based on the results of extra-cranial EEG, we performed left
fronto-temporal craniotomy and implanted an 8-contact strip over
Fig. 2. A three-dimensional PET reconstruction superimposed on a three-dimensional MRI reconstruction demonstrates the relationship of hypometabolic to atrophic regions
(blue shadow), grid contacts (round circles), epileptogenic zones (red color), and area of resection (black shadow). The contacts shown in blue indicate a zone of seizure onset
without spread of electrical activity or no response to electrical stimulation. The contacts shown in yellow indicate the irritative zone which generates interictal epileptiform
discharges but not seizure discharges. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of the article.)
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temporal lobe, and an 8-contact depth electrode over the left para-
hippocampus for invasive (intra-cranial) EEG recording (Fig. 2).
Continuous Video–EEG monitoring at the intensive care unit
without anesthesia detected epileptiform discharges originating in
the posterior region of the left superior temporal gyrus at the onset
of spontaneous seizures. The activity during seizures spread
preferentially to the left middle and inferior temporal gyri but not
to the left frontal lobe and left mesial temporal lobe. Seizure
activity did not originate in the left frontal lateral region (the
region with marked cortical atrophy) but rather in the left lateral
temporal lobe. We performed functional mapping with bipolar
electrical stimulation (pulses of 0.5 ms duration and alternating
polarity, stimulus train of 50 pulses/s lasting 3–5 s, and stimulus
intensity 0.5–15 mA) of all cortical contacts. The patient was
instructed to talk spontaneously and read stories from a
newspaper during the cortical stimulation. Stimulation was
gradually increased until it elicited either a functional response
or seizure-like after-discharges. If no response could be elicited
with a maximal intensity of 15 mA, stimulation was discontinued
at that contact. The cortical stimulation did not result in speech
arrest or impairment of language-related functions at any contact.
Functional mapping with cortical stimulation and long-term
recording located the epileptogenic zone in the left middle and
posterior temporal cortices and the irritative zone in the left
middle temporal cortices (Fig. 2). The mesial temporal area,
although identiﬁed as the ictal symptomatogenic zone, was
deﬁned as the irritative zone. Based on these results, maximal
resection of the left anterior temporal lobe (55 mm from the
temporal tip) was performed along with three additional subpial
transections of the posterior gyrus next to the resection margin
and corresponding to the extension of epileptogenic zone. The
structures of the left mesial temporal lobe (deﬁned as the ictal
symptomatogenic zone but not the epileptogenic zone) were
preserved (Fig. 2). Neither aphasia nor any other new deﬁcit
developed postoperatively. Moreover, seizures were rare during
the ﬁrst two postoperative years and absent in the next two
postoperative years.
3. Discussion
Cerebral hemiatrophy with homolateral hypertrophy of the
skull and sinus, also known as DDMS, might be caused bycerebrovascular or parenchymal insult occurring early in infancy
or in the late intrauterine period. The possible causative factors
include trauma, infection, ischemia, and hemorrhage.2 In a patient
with DDMS, regional glucose metabolic changes seen by PET
correspond to the atrophic regions seen by MRI.4 In this patient, the
most hypometabolic and atrophic region was the dorsal and lateral
parts of the left frontal lobe, but this was not the epileptogenic
zone as identiﬁed by EEG investigation. Our results were consistent
with the research ﬁndings of Juha´sz et al.5 They found no
relationship between PET abnormalities and epileptogenic zones
in 12 patients, indicating that the ‘‘metabolic border zones’’ rather
than the hypometabolic regions are involved in seizure activities.5
In the selection and evaluation of candidates for epilepsy surgery,
EEG remains the most important tool for achieving a favorable
outcome. The epilepsy surgeon should deﬁne and resect as much of
the epileptogenic zone as possible, but not the ictal symptomato-
genic zone.3 In this case, the left mesial temporal lobe was deﬁned
as the ictal symptomatogenic zone but not the epileptogenic zone.
Integration of EEG data with data from various other imaging
modalities is thus indispensable for detecting the surgical foci.6,7
A shift in hemispheric dominance was observed in either
handedness or language functions by clinical and fMRI tests. Right
hemisphere activation by language tasks after insults to the left
hemisphere language network has been reported previously.8,9
Clinically, focal insult to the left hemisphere during infancy or early
childhood rarely results in pronounced speech and language
disorders.10 In our patient, the site of the fMRI BOLD response to
language tasks shifted to the inferior frontal and inferior parieto-
occipital regions of the right hemisphere and was compatible with
the shift from right-handedness to left-handedness after repetitive
seizures occurring early in childhood. Similar ﬁndings were
reported in a previous study.8 The shift of language and
handedness dominance suggests that a chronic disease since early
childhood, such as epilepsy, can inﬂuence development and
organization of the brain. In the present case, it was interesting
that the inferior parieto-occipital regions of dominant hemisphere
were activated, and this site of activation may reﬂect ﬂuency in
Mandarin Chinese as reported in some previous studies.11,12
Chinese and English use different systems of orthography, and
about 95% of Chinese characters can be divided into sub-units that
form complex visual–spatial patterns.12
In conclusion, the ‘‘metabolic border zone’’ rather than the
atrophic region plays an important role in seizure activities after
Y.L. Hsin et al. / Seizure 20 (2011) 713–716716cerebral damage. Temporo-spatial analyses to identify the
epileptogenic and functional zones for resection surgery can
improve the outcome in a patient with DDMS.
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